Kaposi sarcoma (KS) is an uncommon angioproliferative malignancy that is associated with human herpesvirus 8. Although there has been recent enthusiasm for evaluating immune checkpoint inhibition as a therapeutic option for viral-associated tumors, the clinical utility in this disease is currently unknown. We report a case of advanced classic KS refractory to multiple lines of chemotherapy that experienced a partial response to anti-PD-1 therapy. Comprehensive molecular profiling was performed on a diagnostic tumor biopsy sample. Molecular profiling data from 8 additional male patients with KS were reviewed and compared with those of the index case. The genomic profile of the index case was notable for higher-than-typical somatic mutational burden, including pathogenic mutation in multiple well-described cancer genes, such as TP53, CDKN2A, NOTCH1, and KRAS. Our case suggests that further clinical study of checkpoint inhibitor therapy in classic KS is warranted, and provides a hypothesis for future immunogenomic biomarker analysis in this disease.
Background
Kaposi sarcoma (KS) is an uncommon angioproliferative malignancy that is associated with human herpesvirus 8 . KS is most commonly observed in patients affected by HIV/AIDS, and is one of several AIDS-defining illnesses. It has also been observed in association with chronic immunosuppression, such as in the solid organ transplant population. The remaining nonimmunosuppressed and nonendemic cases of classic KS are particularly rare. 1 Most cases of classic KS are indolent, typified by cutaneous lesions of the lower extremities. For advanced cases, chemotherapy is often administered, with reasonably high response rates for a variety of agents. 2 Pegylated liposomal doxorubicin, approved by the FDA for AIDS-related KS, is often used as first-line therapy, with major responses noted in most patients. 3 For patients nonresponsive to chemotherapy, particularly if they are resistant to several lines of chemotherapy, optimal management is not known.
Response to Checkpoint Inhibitor Therapy in Advanced Classic
There has been recent enthusiasm for evaluating immune checkpoint inhibition as a therapeutic option for viral-associated tumors, due in part to the presence of viral neoantigens that may prove to be immunogenic. Immunotherapy clinical trials that include HIV-associated KS are ongoing (ClinicalTrials.gov identifiers: NCT02595866, NCT02408861). Recent studies have demonstrated significant PD-1/PD-L1 expression in tumors and the microenvironment in both HIV-associated and classic KS, further supporting the investigation of agents targeting these molecules in this disease. 4, 5 Interest in investigating immunotherapy in classic KS has resulted in a planned phase II study of nivolumab and ipilimumab in this disease (ClinicalTrials.gov identifier: NCT03219671), but currently there is a paucity of clinical data regarding the efficacy of this approach. Furthermore, not much is known about pertinent immunogenomic features of KS, such as tumor mutational burden (TMB). We therefore present a case of advanced classic KS treated successfully with PD-1 inhibitor therapy. Next-generation sequencing (NGS)-based molecular testing was performed on a pretreatment tumor sample from this case. We review the clinical and immunogenomic findings in this patient, and further review the genomic profile of 8 additional cases of KS to speculate on the broader applicability of our clinical experience. To our knowledge, this is the only reported case of successful immune checkpoint inhibitor (ICI) treatment of classic KS, and the most extensive evaluation of NGS-based tumor genomic profiling of KS in the literature to date.
Case Presentation
A 75-year-old homosexual African-American man with a history of hypertension, hyperlipidemia, and atrial fibrillation presented with a painless, slowly growing mass in his suprapubic region over a period of approximately 6 months. Concern for malignancy on clinical examination led to radiologic evaluation with PET/CT, which showed the mass to be highly metabolically active (standardized uptake value, 31.8) and revealed extensive PET-avid right inguinal and pelvic lymphadenopathy. He underwent an excisional biopsy and pathologic evaluation of the suprapubic mass. Histologic evaluation revealed morphology described as a nodular-like proliferation of spindle-shaped cells in cellular bundles and fascicles with marked nuclear atypia and cellular pleomorphism with numerous slitlike spaces containing erythrocytes ( Figure 1 ). Areas of necrosis, a prominent admixed inflammatory infiltrate of lymphocytes and plasma cells, and frequently extravasated erythrocytes and hemosiderin deposits were seen. Immunohistochemistry was performed, which stained positive for vimentin, CD31, CD34, D2-40, and strong, diffuse nuclear staining of HHV-8. The Ki-67 was evaluated at >90%. These findings were interpreted as consistent with KS.
Of note, the patient reported that he was diagnosed with KS of the lower extremities by a dermatologist approximately 10 years previously after biopsy of a darkened skin area. Over time, he developed slowly progressive bilateral lower extremity edema, but no significant progression of obvious/discrete skin lesions, and he did not pursue any further evaluation or therapy for this finding. HIV testing was performed and was negative. He has no significant history of immunosuppression or opportunistic infections. He denied a history of steroid use, including topical steroids. He was a lifetime nonsmoker.
Given the advanced nature of his KS, the patient was started on systemic chemotherapy with liposomal doxorubicin (20 mg/m 2 every 21 days), but experienced disease progression after 6 cycles. Progression was indicated by tumor growth of all lymph node (LN) areas, such as a pelvic LN conglomerate that measured 4.4 x 3.9 cm compared with 3.8 x 3.4 cm at baseline. He was then treated with second-line chemotherapy with weekly paclitaxel (80 mg/m 2 on days 1, 8, and 15 of a 28-day cycle), but experienced further disease progression after 3 cycles. Progression was indicated by further growth of all LN areas, such as the pelvic LN conglomerate now measuring 6.8 x 4.7 cm and the development of a newly apparent 1.8-cm splenic lesion.
Given the lack of standard treatment options after progression on chemotherapy, commercial ge- nomic profiling was performed on his prior (pretreatment) biopsy specimen to evaluate for potential options. Notably, this testing reported 7 mutations/Mb, which is an intermediate TMB on this assay (defined as 6-19 mutations/Mb). In other tumor types, an intermediate TMB (vs low mutation burden of <6 mutations/Mb) has been associated with increased likelihood of ICI therapy response. 6, 7 Given a lack of alternative options, along with this genomic finding, the patient was treated with pembrolizumab on a compassionate use basis.
Twelve weeks after starting treatment with pembrolizumab, a follow-up CT showed a significant reduction in tumor burden. Pembrolizumab was continued, and a follow-up CT after 6 additional weeks and at week 30 of therapy confirmed ongoing response (Figure 2 ), which would meet criteria for partial response using immune-related response criteria (55.0% reduction in sum of bidirectional measurements of target lesions). Subsequent restaging imaging after 42 weeks of therapy showed necrosis and increased size of a right inguinal LNS (6.5 x 5.5 cm vs 4.3 x 3.9 cm previously), but stability at other disease sites and no new areas of disease. Radiation therapy to this isolated site of progression was planned while he remains on anti-PD-1 therapy. At the time of writing, the patient has not experienced significant toxicities on immunotherapy, including no immune-related toxicity.
Results
Comprehensive genomic profiling was performed as previously described on the presystemic treatment excisional biopsy specimen from our patient. 8 Mutational profiling on the same platform was performed on tumors from 8 additional male patients for which the diagnosis was listed as KS. HHV-8 viral antigen was detected by molecular profiling in all 9 samples, including the index patient. Of the 8 additional patients, 3 were documented as HIV-positive, whereas HIV status was not documented for the other 5.
Molecular profiling results are summarized in Table 1 . Notably, the tumor from the index case had the highest mutational burden of those tested. Additionally, oncogenic mutations were present in a number of well-described cancer genes in this case, including inactivating mutations in cell cycle genes (TP53, CDKN2A) and the signaling pathway gene NOTCH1, as well as hotspot mutations in classic oncogenes (KRAS, NRAS). In contrast, genomic findings in the other 8 tumors were limited mostly to variants of uncertain significance, although one additional tumor was affected by pathogenic TP53 and KRAS mutations. All tumors tested were microsatellite stable.
Discussion and Conclusions
KS is a rare soft tissue sarcoma that is uncommonly encountered outside of the immunosuppressed or HIV population. Although often an indolent disease, advanced cases can occur and treatment options for chemotherapy-refractory cases are not well established. We report a case of response to ICI therapy in a patient with chemotherapy-refractory classic KS. To our knowledge, this is the first report of ICI therapy response in this rare malignancy. In the case presented, the patient was a man that had sex with men, which is a risk factor for HHV-8 acquisition. 9 The patient's African heritage may also affect HHV-8 subtype and portend for increased severity of disease. 10 Immunotherapy in this case was selected partly due to the genomic profiling finding of a higher-thananticipated level of somatic mutational burden, and partly due to a general enthusiasm for immunotherapy investigation for virus-related malignancies. Although not a definitive determinant of ICI response, TMB has been well established as predictive biomarker across multiple cancer types, 11 and has been validated in the same NGS platform used in our patient. 6, 7 Importantly, the genomics of our case differed significantly from those of 8 other cases of KS that underwent molecular profiling using the same platform. Many factors could potentially explain the difference in TMB between the index case and the other KS cases. First, the sequencing was performed on a biopsy taken when the disease was already at an advanced stage. Therefore, the TMB may partly reflect the acquisition of mutations over the cancer lifetime. We also speculate that different types of KS (classic vs AIDS-associated) might be affected by different TMB. For example, increased genomic "drivers" might be required in classic KS to compensate for the lack of immunodeficiency-driven oncogenesis that is responsible for tumor initiation in HIV-related KS. To our knowledge, the somatic mutational landscape of classic KS has not been comprehensively evaluated.
Further study is required to investigate whether ICI therapy is more broadly effective in KS. For both HIV-associated and classic KS, several clinical trials are ongoing that will help to answer this question. Based on the described case, immunogenomic profiling to compare classic and HIV-related KS and further clinical study of ICI therapy in classic KS are warranted.
